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Abstract 
In present paper, using Acoustic Emission (AE) as an ultrasonic technique, the onset of plastic deformation has been investigated
on smooth and notched specimens of AISI 1010 steel. AE activities (number of counts and signal energy) and stress-strain curve 
were measured during tests. The results show that activity of AE increases near the yield point and reaches to maximum at 
beginning of plastic deformation. AE activity decreases significantly with further straining. The main source of AE at all stages 
of deformation is associated with massive dislocation motion. 
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1. Introduction 
The plastic deformation in structure causes to permanent deformation and failure. In recent years Acoustic 
Emission (AE) is widely used to detection of plastic deformation process of material. This phenomenon influence 
the acoustic emission generated from the material under tensile loading. First investigation on Aluminum and 
Beryllium showed that higher AE from unflawed specimen is near the yield point and from flawed specimen take 
place at critical stress intensity factor. Also cumulative AE counts (N) and stress intensity factor (K) were correlated 
theoretically and experimentally [1]. The investigation of carbon manganese steel showed that AE activity is 
proportional to the size of plastic zone and main source of AE is immediate vicinity of the elastic-plastic boundary 
[2]. The results of low carbon steel indicated that major source of AE below yield is associated with dislocation 
activity in grain boundaries [3]. 
The aim of this paper is to investigate the AE signals during tensile deformation of AISI 1010 low carbon steel. 
AE counts and energy was recorded during deformation of notched and smooth specimens and these were compared 
with stress state at stress- strain curve. Also, the frequencies of signals were analyzed. 
2. Experimental 
2.1. Specimen preparation 
The material used was an AISI 1010 low carbon steel. The analysis of the material is given in Table 1. 
 Table 1. Chemical composition of AISI 1010 steel
SPMnSiCFe
0.0350.0110.4730.0730.111Base
Two types of specimen were used in this investigation: smooth tensile specimen (or unnotched specimen), and 
notched specimen. The dimension of specimen was 150×20 mm with 2.5 mm in thickness. In the notched specimen, 
two notches with 3 mm length, 0.5 mm root radius and 60° angle were machined. 
2.2. Equipment and testing procedure  
Specimens were stretched under uniaxial tension test in a Hiwa Tensile Testing Machine. Tensile test of all the 
specimens were carried out at a cross head speed of 1 mm/min at ambient temperature (300°k). All AE equipment 
manufactured with PAC (Physical Acoustic Corporation) company. An AE sensor having a resonant frequency at 
125 KHz and a preamplifier (40 dB) were used to capture the signals during tests. The sensor used was of 5 mm 
diameter and 4 mm height and it was mounted on the side of the specimens. Figure 1 shows the system setup 
schematically. 
A threshold of 40 dB were selected that external noise was reduced. Sampling rate was determined with 
considerate the nature of the internal events of material and sensitivity of test. The value of sampling rate was 1 
MSPS (Million Samples Per Second). 
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Fig.1  Schematic of system setup 
3. Results
3.1. Smooth (unnotched) specimen results
Fig. 2 shows the variation in stress and number of AE counts with strain and time for unnotched specimen of 
AISI 1010 steel. Also, Fig. 3 shows the absolute AE energy and stress versus time.
Fig.2  Variation in stress and AE counts with strain and time Fig.3  Absolute AE energy and stress versus time
3.2. Notched specimen results
Figs. 4,5 indicate the variation of AE counts and absolute energy during deformation of notched specimen of
AISI 1010 steel, respectively.
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Fig.4 Variation in AE counts and stress during
deformation of notched specimen
Fig.5  Acoustic energy and stress versus time
4. Discussion
4.1. Beginning of plastic deformation
In case of low carbon steel the deformation process during static loading, can be divided into three stages. The
first stage is the stage of microyield. This stage lasts from the beginning of loading until the occurrence of first line 
of sliding on the yield. The second stage is the stage of yield and third stage is the stage of strain hardening
(postyield stage) [4].
In plastic deformation process, motion of dislocation is the major source of stress waves. Figs. 2,3 shows that
there are AE activities at the microyield stage. First dislocations activate at this stage. So, activities of AE at this
stage attributed to the increase of density of first dislocations at elastic limit [4]. Fig. 6 shows the activity of elastic 
section of stress- strain curve for unnotched specimen.
Fig.6  AE activity at elastic 
A wide class of various models leading to a similar conclusion exists. Each of these models follows from the
essential idea that local stress concentration leads to local plastic flow (at this stage no cracking occurs). Some
authors believe that main source of AE at first stage of deformation is the grain boundary. The grain boundaries are
an important source of dislocations [3]. Others believe that AE activities are associated with local yielding around
inclusions [3]. The model of boundary sources is a sensitive function of grain size and boundary geometry, whereas
the model based on local yielding around inclusions is independent of these parameters [3].
In the next stage (yield stage), intensive increasing of AE activities were observed. Interaction of carbon and
nitrogen atoms, dislocations interlocking and creation of stress concentration, release of dislocations generation of
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new dislocations and eventually spread of Luder’s band along the specimen entirely, are the major source of AE [7].
So, the beginning of massive plastic deformation takes place at this stage.
At strain hardening stage, AE activities were observed, too. In the previous stage, all slip line band were stretched
along the tension direction. So, in this stage, no acoustic waves correspond to the deformation of slip band and the
interactions of carbon- nitrogen were occurred. Thus, the decrease of AE counts in this stage is connected with
reduction of dislocation activities.
Consequently, the onset of plastic deformation in unnotched specimen using AE can be proposed in two aspects:
First, the onset of plastic deformation using AE at microyield stage due to microstrain and second, the onset of
massive plastic deformation at yielding.
In case of notched specimen the notch influence on the mechanical and acoustical behavior of the material. As 
observed in Figs. 4,5 most AE activities lie between yield and ultimate stress. Also, in notched specimen the value
of cumulative counts at the end of the test is 19541 and in unnotched specimen this value is 22373. Comparison of
these two values shows the lower AE activity in the notched specimen due to lower volume of deformed material.
4.2. Frequency analysis of signals
Fig. 7 shows one of the signal waveform that occurs at the yield stage of deformation of unnotched specimen.
Fig. 8 indicates the frequency spectrum of the signal is shown in Fig. 7.
Peak frequency in the spectrum can be attributed to the predominant phenomenon in the specimen (in the other
word the frequency of predominant phenomenon corresponds to peak frequency in the spectrum). Therefore peak
frequency of all the signals has been studied during tests (Fig. 9).
Fig.7  Waveform of a signal at yield Fig.8  Frequency spectrum of the signal in Fig. 7 
Fig.9  Peak frequencies of all signals during test for unnotched
specimen
Fig.10  Peak frequencies of all signals during test for notched
specimen
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Fig. 9 shows that frequencies are scattered at the beginning of test, whereas at the 150th second of test (when 
yield starts), the most frequencies range between 280-310 KHz. Higher density of frequencies near the yield
correspond to higher events of material. So, these peak frequencies are associated with plastic deformation in 
unnotched specimen, evidently.
 Figure 10, also indicates the peak frequency of notched specimen. In this figure, frequencies are scattered during
test. Where the AE counts are increased (in Fig. 4 at time of 80 sec), the peak frequencies have higher density.
Comparison of Fig. 9 and Fig. 10 illustrates that acoustic frequencies of plastic deformation lie in the range 270-300
KHz.
4.3. Relation between cumulative AE counts (N) and stress intensity factor (K) 
In structures with crack or notch, the stresses in the vicinity of an elastic crack tip or notch tip are controlled by
stress intensity factor (K). So, the relation between N and K ( ) shows that acoustic emission can estimate
the value of K. First time, this formulation was proposed by Dunegan et al theoretically and experimentally [1].
mAKN  
The value of the exponent (m) was theoretically predicted as 4 assuming that AE generated in a flawed specimen
is proportional the volume of the plastically deforming material ahead of the crack tip. The experimental values of m
were obtained in the range of 6 and 8 for cracked specimen of beryllium. The difference between experimental and
theoretical values of m was explained by the fact that material under deformation is ideal and doesn’t have any
defect in the theoretical model [1]. It was also reported that specimens with machined notches result in lower value
of m (§1) as compared to the specimen with fatigue precracks [5]. Other investigation for nuclear grade AISI type
304 stainless steel with machined notches showed that m was lied between 1.1 and 1.9 [5]. The lower value of this
range is associated with plastic deformation around blunt notches.
The magnitude of the stress intensity factor (K) was calculated using the following equation (1) for double edge
notched specimen [6]: 
(1)aYK V 
     32 /36.27/48.8/76.099.1 wawawaY  (2)
Where K is in ,w, specimen width (m); a, specimen thickness (m); ı, applied stress (MPa).21.mMPa
Fig. 11 shows the correlation between N and K at the logarithmic scale. The value of m is the slope of this
curve. It was found that value of lie between 1.1 and 1.8. 
Fig.11  Log-log plot of the cumulative AE counts versus K
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5. Conclusion
Acoustic emission during tensile tests of smooth and notched specimens of AISI 1010 low carbon steel were 
investigated and it was found that main source of AE at all stages of deformation is connected with dislocation 
activities. 
The beginning of plastic deformation was reported by acoustic emission in two stages. First, the onset of plastic 
deformation at microyield stage due to AE generated from dislocation activity at grain boundaries and second, the 
beginning of massive plastic deformation at yield due to intensive motion of slip bands. 
The frequency peaks of AE signals were analyzed and it was shown that acoustic frequencies of plastic 
phenomenon lie in the range 270-300 KHz. 
The value of exponent (m) in the range of 1.1 and 1.8 was obtained for notched specimens of AISI 1010. 
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